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J.-J. HWANG*$ 
*Division of Pulmonary Medicine, Department of Internal Medicine, -fDepartment of Preventive Medicine, 
and $Pulmonary Function Laboratory, Kaohsiung Medical College, Kaohsiung, Taiwan 
To establish the spirometric values for normal, healthy Chinese women in Taiwan, the spirometry of 506 
life-long non-smoking, healthy Chinese women was examined, including 140 subjects over the age of 60 years. 
Significant correlations among age, height and forced vital capacity (FVC), forced expiratory volume in 1 s 
(FEV,), FEV,/FVC%, peak expiratory flow (PEF), kmaxT5, pmax50, and pmaxZ5 were found. However, there 
were no significant correlations between age and FEV,/FVC%, nor age and pmaxZ5 in the elderly group. FEV, 
(FEV,*) and FVC (FVC”) were standardized to the overall mean height for elderly women using Cole’s 
formula. The decline in FEV,* and FVC* with age were observed. The predicted value for the average 
70-year-old woman with a height of 1.5 m derived from the present study is compared with those from other 
surveys of the elderly. The values from the present study are somewhat higher than the values from the Hong 
Kong study. The authors believe the fact that all of the present subjects were life-long non-smokers might 
explain the differences. 
Introduction Materials and Methods 
Spirometry is the simplest test for the evaluation of 
pulmonary function. Correlation between spiro- 
metric indices and age or height have revealed a 
decline in forced vital capacity (FVC) and forced 
expiratory volume in 1 s (FEV,) with age in both 
smokers and non-smokers (1). However, the associ- 
ation reported only occurred in women (2,3). 
Racial differences have also been described in studies 
of lung function test at all ages (3-5). Lung function 
tests in ethnic Chinese in Singapore (6) and 
Hong Kong (3,4,7) have been reported, but little 
information is available regarding the lung 
function of Chinese in Taiwan since Wu et al’s 
reports (8,9). 
The aim of this study is to establish the spiro- 
metric value for normal, healthy Chinese women by 
examining the lung function in life-long non- 
smoking, healthy Chinese women in Taiwan. Elderly 
women, aged 60 years and over, were also 
analysed. 
Candidates selected for this study consisted of 
company employees, subjects from homes for the 
aged, and subjects attending clinics for routine health 
check-ups at the Department of Preventive Medicine 
or Kaohsiung Medical College Hospital between 
January 1990 and January 1993. All selected female 
subjects were life-long non-smokers, in good health 
and free of cardiopulmonary diseases as judged by 
their historical records, physical examinations and 
chest radiograms. Height of the subjects was 
measured with a portable stadiometer and weight 
was measured with a beam balance in the clinic. 
Pulmonary function studies were performed with the 
subject sitting. A noseclip was used during the 
measurement. At least three acceptable FVC curves 
were obtained for each test, and the maximal FVC 
and FEV, values attained in each were used as the 
best estimate of the true reading, as recommended by 
the American Thoracic Society statement (IO). The 
values of FVC, FEV,, peak expiratory flow (PEF), 
and flow rate at 75%, 50% and 25% vital capacity 
(kmaxT5, kmaxZO, pmaxZ5) were measured with a 
Microspiro HI-501 spirometer (Chest M.I. Inc., 
Tokyo, Japan). The values were corrected according 
to body temperature, ambient pressure and full 
saturation with water vapour (BTPS). 
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Table I Pulmonary function tests by age groups in the women (mean f SE values) 
Age Height FVC FEV, FEV,/FVC% PEF ~max,, t;naxm ~maxz 
(years) (cm) (1) (1) (“/I (1s - ‘) (1s - ‘) (1s 1) (1s ‘) 
<35 159.4 2.80 2.64 94.65 5.70 5.44 4.35 2.56 
(n=96) 25 0.49 f 0.04 * 0.04 z!r 0.64 *0.11 zk 0.10 + 0.10 + 0.10 
3544 156.46 2.75 2.53 92.62 6.04 5.42 4.19 2.01 
(n=llO) 10.44 f0.05 io.04 *0.59 ho.11 *0,11 f 0.09 f 0.07 
45554 154.67 2.37 2.17 90.54 5.25 4.89 3.67 1.69 
(x=107) ztO.55 ho.05 ztO.05 *0.65 f 0.12 * 0.12 zLo.11 zb 0.07 
55-64 152.8 2.11 1.89 88.56 4.73 4.53 3.17 1.32 
(n= 109) rt 0.59 zt 0.03 f 0.03 + 1.01 * 0.10 + 0.12 dz 0.10 zk 0.06 
265 152.07 1.91 1.66 86.99 3.95 3.65 2.64 1.12 
(n=84) zt 0.65 f 0.05 * 0.04 It 1.04 + 0.14 I!= 0.14 io.12 zko.07 
FVC, forced vital capacity; FEV,, forces expiratory volume in 1 s; PEF, peak expiratory flow; 
V max75, flow rate at 75% vital capacity; VmaxSO, flow rate at 50% vital capacity; VmaxZS, flow rate 
at 25% vital capacity. 
Table 2 Correlation coefficients between lung function, age and height in Chinese women 
FVC FEV, FEV,/FVC% PEF i/;naxx ~maxnax50 t61axx 
All women (FI = 506) 
Age 
; 
- 0,572 - 0.652 - 0.34 - 0.482 - 0.412 - 0.494 - 0.556 
~0~001 co.001 <O.OOl <O.OOl <O,OOl <O.OOl <O.OOl 
Height I - 0.498 - 0.524 -0.139 20,389 -0.387 - 0.322 -0.311 
P <O.OOl ~0~001 0.002 <O.OOl <O.OOl <O.OOl <O.OOl 
Elderly women (n = 140) 
Age -0.239 - 0.270 
; 0.004 CO.005 
- 0.099 -0.289 - 0.322 -0.207 - 0.142 
n.s. co.001 <0~001 0,014 n.s. 
Height Y - 0.404 - 0.432 - 0.04 -0.438 -0.42 - 0.281 - 0.223 
P 0,006 <O.OOl n.s. <O.OOl <O.OOl <O.OOl 0.008 
Y, Correlation coefficient; ns., not significant. For other abbreviations, see Table 1. 
STATISTICAL ANALYSIS 
All data were entered into the computer and 
analysed by the SAS statistical package. Results were 
expressed as mean & SE (standard error). Relation- 
ships were explored using the Student’s t-test and 
multiple linear regression. Correlations and differ- 
ences were considered statistically significant when P 
was ~0.05. In comparing lung function between 
different subjects of different age groups, FEV, and 
FVC were standardized to the overall mean height 
using the formula FEV,* = FEV,/height’ x mean 
height, where FEV, * indicates standardized FEV, 
(11,12). FVC standardized to the overall mean height 
was derived in the same way. 
Results 
Five hundred and six life-long non-smoking 
Chinese women in Taiwan, aged 17 to 83 years, were 
enrolled in the present study. The height, age and 
various spirometric indices are shown in Table 1. 
Multiple correlations between age, height and vari- 
ous respiratory measurements indicated significant 
correlations among age, height and FVC, FEV,, 
FEV,/FVC%, PEF, pmaxT5, pm,,50 or i/maxZ5 (Table 
2, Fig. 1). 
One hundred and forty of the 506 subjects, aged 60 
years and over, were selected as the elderly group 
(Table 3). Table 2 shows significant correlations 
among age, height and FVC, FEV,, PEF, VmaxT5 and 
t;nax50 in the elderly group. However, there were no 
significant correlations between age and FEV,/ 
FVC% or pmaxZ5. 
Table 4 shows pulmonary function measurements 
standardized to an overall mean height of 1.52 m for 
elderly women in four different age groups. The 
adjusted values are expressed as FEV,* and FVC*. A 
decline of FEV,* and FVC* with age was observed in 
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Fig 1 Correlation between age and forced vital capacity (FVC), forced expiratory volume in 1 s (FEV,), peak expiratory 
flow (PEF), and flow rate at 75%, 50% and 25% vital capacity ( Vm/max,s, VmaxSO and V~Iax25) in 506 life-long non-smoking 
healthy Chinese women. 
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Table 3 Height, age and spirometric indices (mean * SE values) of the elderly Chinese women 
Age 
(years) 
Height FVC FEV, FEV,/FVC% PEF ~rnaxx t;naxm t;naxx 
Cd (1) (1) (“/I (Is- 1) (Is-‘) (Is- 1) (Is- ‘) 
60-64 153.07 2.08 1.83 87.48 4.66 4.45 2.99 1.16 
(n=56) + 0.92 f 0.05 f 0.05 i 1.08 + 0.15 f 0.18 f 0.15 f 0.06 
65-69 151.4 1.92 1.70 88.65 4.12 3.83 2.77 1.23 
(n=50) * 0.97 f 0.07 zk 0.06 f 1.47 * 0.19 f 0.19 Z!Z 0.16 * 0.09 
70-74 153.52 2.02 1.75 88.22 4.0 3.78 2.88 1.12 
(n=23) * 0.97 * 0.08 * 0.07 j: 1.54 zk 0.23 32 0.21 * 0.18 + 0.15 
275 152.9 1.61 1.08 81.07 3.07 2.56 1.56 0.66 
(n=ll) + 0.94 * 0.09 r!c 0.09 f 2.19 z!z 0.28 + 0.31 + 0.17 f 0.08 
All elderly women 
152.47 1.99 1.73 87.19 4.23 3.97 2.78 1.14 
(n=140) Zko.54 kO.04 Zko.03 50.76 Zto.11 ?c 0.12 * 0.09 f 0.05 
For abbreviations, see Table 1. 
Table 4 Standardized pulmonary function measurements are compared with values from previous surveys in 
(mean i SE values) Table 6. 
Age 
(years) IZ 
FEV,* FVC,* FEV,*IFVC*% 
(1) (1) (%I 
60-64 56 1.82 f 0.05 2.06 zk 0.05 87.65 f 0.72 
65-69 50 1.71 i 0.05 1.94 =k 0.06 88.59 f 1.48 
70-74 23 1.72 f 0.06 1.99 5 0.08 87.11 rk 1.42 
275 11 1.31 ok 0.08 1.61 + 0.07 81.07 Z!Z 2.19 
All elderly 140 1.72 & 0.03 1.97 I& 0.03 87.65 i 0.72 
For abbreviations, see Table 1. 
Table 5 Regression equation for standardized lung func- 
tion on age for the elderly Chinese women 
All elderly women Slope + SE Constant Y P 
FEV,* on age 
FVC* on age 
FEV,*IFVC*% 
on age 
- 0,021 i: 0.006 3.10 - 0.294 0.0004 
- 0,020 + 0.007 3.29 - 0.2520.0026 
- 0.002 f 0.001 1.01 - 0.1190.158 
For abbreviations. see Table 1 
the elderly group, whereas FEVI*/FVC*% remained 
fairly constant (Table 5). 
To obtain a predicted FEV, or FVC value for an 
individual with respect to age, the following equation 
was used: FEV, or FVC=(age x c+ k) x ht2, where 
c= regression coefficient, k=constant and ht= height. 
For a predicted PEF value, height was used instead 
of height squared (15,19). The predicted FEV,, FVC 
and PEF values for the average 70-year-old woman 
with a height of 1.5 m derived from the present study 
Discussion 
The effects of aging are an important consideration 
in the evaluation of lung function. Age is associated 
with a decline in FVC and FEV, values (1,13-15). 
The decrease in FVC may be due to reduced elastic 
recoil of the lung counteracted by reduced respiratory 
muscle strength and stiffer chest wall (15-16). The 
decline of FEV, depends not only on age, but also on 
the adverse environmental effects (17). The present 
cross-sectional data shows a significant age-related 
decline in FVC and FEV, among life-long non- 
smoking Chinese women in Taiwan (Table 2, Fig. 1). 
These findings are similar to those of prior cross- 
sectional studies (24). Nonetheless, the cause of the 
age effect on FVC and FEV, in the present study 
is unknown since longitudinal analysis was not 
performed. 
A greater effect of age was observed in cross- 
sectional analyses than in longitudinal analyses 
(19,20). However, equally important problems such 
as learning effects, loss to follow-up and variability 
over time of equipment, technicians and subjects 
could affect the results of longitudinal data. In addi- 
tion, longitudinal studies are difficult and expensive 
to conduct (21). Louis et al. (19) observed that a 
study with the symmetrical, bell-shaped age distribu- 
tion and quadratic non-linearity will show similarities 
between cross-sectional and longitudinal analyses. In 
the present study, the age distribution is symmetrical, 
bell-shaped with non-linearity (Table 1). 
Table 2 shows a significant multiple correlation 
with age and height of PEF, pmaxT5, pmax50 and 
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Table 6 Predicted values for the average 70-year-old (height 1.5 m) woman derived from 
various surveys 
Reference FEV, (1) FVC (1) PEF (1 min - ‘) 
Burr et al. (Caucasian) (1) 144 2.06 - 
Milne and Williamson (Caucasian) (2) 146 1.79 - 
Woo and Pang (Hong Kong, Chinese) (3) 1.40 1.94 220 
Present study (Non-smoking Taiwan, Chinese) 1.58 1.87 245 
For abbreviations, see Table 1. 
~max25 in life-long non-smoking Chinese women. 
Similar observations have been described previously 
($18). The age-related decline in FEV,, FVC and 
flow rate was noted in women, but not in men (2,3). 
However, Burr et al. (1) reported an age-related 
decline in FEV, and FVC in both men and women. 
The reasons for this difference are still unclear. 
The information available at present on lung 
function of the elderly is insufficient. To establish 
spirometric values for normal elderly Chinese 
women in Taiwan, 140 life-long non-smoking, 
healthy Chinese women aged 60 years and over 
were studied. The mean values of FEV, and FEV,/ 
FVC% for these subjects (Table 3) are higher than 
those in Chinese women in Hong Kong, as reported 
by Woo et al. (3). The fact that only 58% of the 
women in the Hong Kong study were non-smokers 
may explain the differences. In this study, the mean 
value of FVC for the elderly Chinese women in 
Taiwan had the same mean value as that of the 
elderly Chinese women in Hong Kong (3). There 
was an age-related decline in FEV, and FVC in 
Chinese women in both Taiwan and Hong Kong 
(3). The lack of association of FEV,/FVC% with 
age in elderly women was observed in this study, 
and it may be caused by the narrow age span and 
insufficient number of cases observed. 
The elderly women’s data was analysed with Cole’s 
formula (12) to standardize FEV, and FVC for age 
and height. The present FEV,* and FEVi*/FVC*% 
values were compared with other observations (1,3). 
The mean value of FEV,* in the Chinese women of 
Taiwan is higher than that of the Chinese women in 
Hong Kong (3), and Caucasian women (1). In the 
other two studies, only 58% of the Chinese women in 
Hong Kong and 72% of the Caucasian women were 
non-smokers. In addition, Caucasian women aged 70 
years or more were selected (1). These sampling 
differences may explain the differences. Table 5 shows 
that the significant decline in FEV,* and FVC* with 
age in the present study is similar to the study for 
Chinese elderly women in Hong Kong (3). 
The regression equation can be used to predict 
FEV, and FVC in the various groups of elderly 
women. Table 6 shows that the author’s predictions 
for FEV, and PEF in the elderly women group are 
somewhat higher than those of other cross-sectional 
surveys, while the predicted FVC value is similar to 
that of the Hong Kong study (Table 6). The authors 
believe the fact that all the present subjects were 
life-long non-smokers might explain the differences. 
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